We propose two new kinds of tests for equivalence principle and special relativity by using rotating extended bodies. The first test is based on the massvelocity relation in special relativity and the equivalence principle. The second test depends upon the spin-coupling between the rotating bodies. These tests could be done in a rotating torsion balance experiment or a free-fall experiment by comparing a rotating body and an irrotational body. The equivalence principle (EP) has been tested by a lot of experiments. The classical equivalence-principle tests include the Galileo-style experiments [1], the Newton-style pendulum experiments [2], the torsion balance experiments [3] , and so on. All of the experiments tested the equivalence between irrotational bodies. Furthermore, a few of big projects for testing EP are planing now, such as the Satellite Test of the Equivalence Principle (STEP), the Bremen drop tower project [4] , and the Galileo Galilei (GG) space experiment project [5] , all of them being simplely to test the same equivalence in a better precision.
Consider a rotating rigid sphere within an external gravtational field. According to speical relativity and considering ΩR ≪ c, the inertial mass of the rotating rigid sphere is given by
where the mass density ρ is supposed to be constant, Ω and R are, respectively, angular velocity and radius of the rotating sphere, m is the inertial mass of the shpere when it was not rotated, and c is the speed of light. In order to test the prediction of special relativity, we introduce the parameter η sp in the second term of the right-hand side of Eq. (1), i.e.,
The passive gravitational mass of the rotating sphere is assumed to be
where η ep is a dimensionless parameter. Here we assume the equivalence principle for irrrotational bodies.
Thus the free-falling acceleration of the rotating body within an external gravitational field presented by the gravitational acceleration g could be writen as
Comparing the rotating sphere to another irrotational sphere with the same rest mass m, we have the relative free-falling acceleration between them,
For n = 4 × 10 4 rpm, R = 10cm one arrives at from Eq. (5)
It is shown from Eq. (6) that (η sp − 1)η ep = 0 implies violation of the equivalence principle for the rotating body. It is known that in all of the experiments performed before for testing the mass-velocity relation, the charged micro-particles were used [6] . In the proposed test above, we suggest to employ an extended rotating body having electrical neutrality. So this is also a new-type of test for the mass-velocity law and EP.
Violation of the equivalence principle from spin-coupling of rotating bodies
It is well known that the gauge theory of gravitation, such as Poincare gauge theory of gravitation with torsion, involves the interaction between the dynamical spin current of mater field and torsion [7] , i.e., the dynamical spin current is the source of the torsion field. However the dynamical spin current differs from rotation of an extended body. Up to now there is no any gravity theory describing the interaction between the spins of extended rotating bodies. In this paper we shall develop a phenomenological model for the interaction between the rotating bodies.
We assume that spin-interaction exists between two rotating rigid bodies. Owing to the spin-coupling the rotating bodies whould get an extra-energy (an extra-potential) E s , and then have the extra inertial mass from the mass-energy relation in special relativity:
The rotating body might then get the following raise in its passive gravitational mass:
where η s is a dimensionless parameter. The total inertial masses m 
and
respectively, where m i for i = 1, 2 stand for the rest-masses of the bodies when they were not rotated. Here we have assumed that the equivalence principle is available for irrotational bodies. The equations of motion for the rotating bodies are then
where r ij = r i − r j . Using Eqs. (9) and (10) 
In order to satisfy the motion theorem for the center of mass of the two body system and the theorem of moment of momentum, we have assumed E
2 ). The extra-energy E s generated by the interaction between the rotating bodies has not yet been predicted in gravity theories. The equvalence principle should be available for free-fall rotating bodies in both Newtonian theory and general relativity [8] . In Poincare gauge theory of gravitation, the dynamical spin current of matter field has been included. The dynamical spin current of fermions is the same to its spin angular momentum [9] . But the U(1) gauge field has vanishing spin current [7] ; This means that photons have no dynamical spin current. Furthermore the physical meaning of dynamical spin current is different from that of the rotation of an extended body.
For this reason we here give a phenomenological theory for the spin-interaction of rotating bodies. It is natural to suppose the extra-energy E s being propotional directly to the angular momentum of the rotating bodies and other physical quantities connecting to the external field, e.g., the gravitational potential |V (r)| or the field strength |E| = |▽V (r)|. It is known that the field strength E(r) presents the difference between the values of the potential function V (r) at two closed points. Thus we prefer the potential-dependent extra-energy to the strength-dependent one. Analogizing the interaction between spin-1/2 particles, we write
where s 1 and s 2 are, respectively, the spin angular momentums of the rotating bodies 1 and 2, and g s is the coupling constant for the spin interaction. By using Eq. (13) in Eq. (12), we have
for i, j = 1, 2.
The second term in the right-hand side of Eq. (14) would give perihelion precession of the planet's orbits in solar system. Thus the observations of the perihelion precession could give an upper limit on the parameter (2η s − 1)g s . For this purpose we apply Eq. (14) for the planet's orbit in solar system. Solution to Eq. (14) can be found as follows:
where M ⊙ and M are the masses of, respectively, the Sun and planet, e is the eccentricity of the planet's orbit, G is Newtonian gravitational constant, and C is an integration constant. We see that non-vanishing δ would give perihelion precession. In fact, for the perihelion we have cos( √ 1 − δφ − ω) = 1, i.e., √ 1 − δφ n − ω = 2nπ with n = 0, 1, 2, · · ·. We then get the precession:
The observed Earth's perihelion precession, (5.0 ± 1.2) arcseconds per one hundred years, provides a limit on the theoretical result of Eq. (16): 100πδ ≤ 1.2. Explicitly we have
where χ is the angle between the spin directions of the Sun and Earth. Let us now consider two rigid spheres falling freely in Earth's gravitational field, one of them rotating and the other irrotational. Relative difference in accelerations of the two spheres can be obtaned from Eq. (14)
where m and s are the mass and angular momentum of the rotating sphere, M ⊕ , R ⊕ and s ⊕ are the mass, radius and angular momentum of the Earth, and the parameter (2η s − 1)g s is given by Eq. (17). For a rotating rigid sphere with constant mass density, we have |s| = (4/5)πnR 2 m, where R and n are the radius and speed of rotation. For n = 4 × 10 4 rpm and R = 10cm, one arrives at from Eq. (18) ∆a a ≤ 2 × 10 −14 .
At present these two effects, Eqs. (6) and (19), could be measured by use of the rotating torsion balance, satillite or long time free drop experiment ( for example, the drop bodies are assembled in inner capsule which could be freely move on the vacuum outer capsule when it is on the way to drop. A balloon can lift the capsules to about 40 kilometers altitute and there will be about 40 seconds free drop time for the inner capsule).
